Abstract Bio-based materials are widely used recently in order to introduce a more sustainable construction material. Kenaf is a type of bio-based material that can be easily obtained in a tropical country, which could be a potential material to be utilised as a geotextile material because it has good tensile strength. The geotextile could be used to improve the bearing capacity of a loose soil. This paper presents a series of small-scale physical modelling tests to investigate the bearing capacity performance of Kenaf fibre geotextile laid on and inside the sand layer. A rigid footing was used to replicate a strip footing during the loading test, and sand was prepared based on 50% of relative density in a rigid testing chamber for ground model preparation. In order to treat the soil, Kenaf fibre geotextile was laid at four difference locations which are on the soil surface and underneath the ground model surface at 50, 75 and 100 mm deep. It was found that the usage of the Kenaf fibre geotextile has improved the bearing capacity of the sandy soil up to 414.9% as compared to untreated soil. It was also found that the depth of the Kenaf fibre geotextile treated into the soil also affects the soil performance.
Introduction
The main function of geotextile is for aggregate separation, soil reinforcement, stabilisation, filtration, drainage and moisture or liquid barriers (Dewey 1993) . Bio-based materials such as coir, jute, Kenaf, sugarcane bagasse (Sarby 2007; Subaida et al. 2008; Artidteang et al. 2012; Tanchaisawat et al. 2013; Chaiyaput et al. 2014 ) are used to develop geotextile layers because of the environmentalfriendly behaviour of these bio-based materials. These materials are also cost-effective. Kenaf is a type of biobased material which is easily obtained in any tropical countries and could be a potential material to be utilised as a geotextile material because it has desirable tensile strength (Yetimoglu and Salbas 2003) .
A study has been conducted by Tanchaisawat et al. (2013) to assess the interactions between the woven Kenaf geogrid and compacted sand. A series of pullout and direct shear tests were performed to investigate the interaction coefficient between the geogrid and compacted sand. Numerical simulations were also used to perform the backcalculation from average values of the interaction coefficients. Based on the numerical analysis, the results were found to be similar to the laboratory test results. As a result, they concluded that the axial stiffness of the geogrid and interaction coefficient was found to be important parameters affecting the efficiency of Kenaf geogrid. In addition, they suggested that Kenaf geogrid is suitable to be used as natural fibres for sustainable geosynthetics. Chaiyaput et al. (2014) have carried out a full-scale testing on a soft clay embankment structure treated by the woven Kenaf geosynthetics. The intention of the study was to investigate the embankment behaviour in terms of settlements, excess pore water pressures and deformations or stresses. Two types of Kenaf geosynthetics which are uncoated and coated with polyurethane were used in their study. Based on the study, they found that coating geosynthetics can reduce water absorption and increase their life time and stabilised the embankment structure. Artidteang et al. (2012) investigated the tensile properties of plain, knotplain and hexagonal patterns of woven Kenaf geotextile using a tensile test machine. The plain pattern of woven Kenaf geotextile was found to yield the highest tensile strength. In addition, a large-scale direct shear and pullout tests were performed to investigate the interface strength of Kenaf geotextile with sand backfill material. They found that the interaction coefficient for Kenaf geotextile decreases as the normal stress increases.
At the moment, no attempt has been carried out to investigate the performance of Kenaf geotextile in improving the bearing capacity of sandy soil under a shallow foundation. Due to this limitation, this study is conducted by performing a series of small-scale physical modelling tests to investigate the performance of the bearing capacity of sandy soil treated by Kenaf fibre geotextiles. The sand was prepared at a relative density of 50%. The Kenaf was rested on the soil surface and inside the ground model at various depths below the sand surface. The treated soil model was compared with the untreated soil model by using small-scale physical model tests.
Material and methodology Sand
Several soil basic properties tests were conducted to determine the soil properties of the sandy soil. All the tests were carried out according to the British Standard Institution (1990a, b) . Sieve analysis method was used to determine the particle size distribution of the sandy soil. From the sieve test results, the soil can be classified by using the value from the coefficients of uniformity and gradation (Head 1992) . Small pyknometer test was conducted to obtain the specific gravity of the soil (Head 1992) . Relative density test was performed to determine the maximum dry density (c d max ) and minimum dry density (c d min ) of the sandy soil (Venkatramaiah 2006) . In this study, 50% of relative index I D was used to represent an intermediate density of soil. Direct shear test was used to determine the internal friction angle ; of the sandy soil at 50% relative density. The ; value is used to determine the bearing capacity of the untreated sand using the Terzaghi and Peck (1967) formula.
Kenaf fibre geotextile
The Kenaf fibre used in this study was obtained from Malaysia Agricultural Research and Development Institute (MARDI), Selangor, Malaysia. The strength of the knitted Kenaf fibre was tested using the universal testing machine with a capacity of 2.5 kN at the Structural Laboratory, Universiti Teknologi Malaysia in accordance with ASTM D3379-75 (American Society of Testing and Materials 1995; Hafizah et al. 2014) . The fibre was knitted (Fig. 1) into a geotextile with a size of 190 and 150 mm in width and length, respectively, with approximately 5 mm square aperture.
Loading test
An aluminium box with dimensions of 400 mm in length, 150 mm in width and 430 mm in depth as shown in Fig. 2 was used to prepare the 200-mm-thick sandy soil model. A rigid footing has been used to replicate a strip foundation of a building with dimensions of 100 mm in width, 150 mm in length and a thickness of 15 mm. The sandy soil was prepared at 50% relative density by pouring the sand inside the rigid box until the desired thickness of 200 mm was reached. In total, five physical modelling tests were conducted in this study as shown in Table 1 for treated and untreated case by Kenaf geotextile. For the treated case, Kenaf geotextile was laid on top and underneath of the ground model surface (0, 50, 75 and 100 mm deep from the ground level in succession). The rigid footing was laid on the treated ground before the loading test after the ground surface has been levelled. A strain-controlled loading was used to provide a penetration rate of 6.28 mm per minute. The stress and displacement were recorded using a load The test was terminated when a soil failure was achieved based on the stress-deformation/footing width curve, assuming that the strength of soil has been fully mobilised by the footing. Table 2 shows the physical properties of the sandy soil. It has been recorded that the minimum and maximum dry unit weight ranges from 15.01 to 18.39 kN/mm 3 . Therefore, the 50% of relative density is 16.53 kN/mm 3 . The particle distribution curve from the sieve test in Fig. 3 shows that the soil sample can be classified as a wellgraded sand (SW) (Braim et al. 2016 ). The grade is determined from the value of the coefficient of uniformity and gradation obtained from the curve where the results are 6.55 and 1.01, respectively. Figure 4 shows the result of the normal stress-ultimate shear stress obtained from direct shear tests. It is found that the ; value of sandy soil is 35.9°. Figure 5 shows the load-displacement curve obtained from the Kenaf tensile test. The ultimate tensile strength obtained was 0.826 kN when deformation was at 90 mm. Therefore, the ultimate stress gained from the test was 3.31 N/mm 2 . The test also revealed a rather irregular loaddisplacement pattern after reaching the ultimate load due to the nature of the knitted structure of Kenaf geotextile where breakage of Kenaf fibres can occur at different stress levels. Figure 6 shows that several breakages occurred after a deformation of 180 mm.
Results and discussion

Soil properties
Kenaf properties
Stress-displacement relationship
The vertical stress-displacement/footing width curve recorded for the untreated and treated sandy soil is depicted in Fig. 7 , and the failure stress is shown in Table 1 . Generally, it can be seen that the vertical stress increased with the increase in settlement until it reached a plateau at a displacement/footing width ratio of approximately 0.3. An oscillating fluctuation was observed in the Test Kenaf 75 mm curve due to a bearing fault in the driving system. After the bearing was changed, a smooth curve was obtained as shown in the figure for Test Kenaf 100 mm. The untreated and treated sand depicts a ductile behaviour where strain hardening effects can be observed even at large displacements. The result from the untreated case was compared with the Terzaghi and Peck (1967) theoretical formula for the rectangular footing. Equation 1 was used to calculate the bearing capacity q u of the untreated case. Coefficient of uniformity, C u 6.55
Coefficient of gradation or curvature, C c or C r 1.01
Angle of internal friction, ; direct shear (°) 35.9
Modulus of elasticity, E (kPa) 2887.9 
where N c , N q and N c are the bearing capacity factor proposed by Terzaghi and Peck (1967) , which is a function of ;, c is apparent cohesion and q is the stress at the base of the footing. Because q and c are equal to zero, the q u of the sandy soil is 38.93 kPa. A difference of approximately 10% was obtained between the physical modelling test and the theoretical formula, a slightly higher value on the bearing capacity from the physical modelling which might contribute from the friction between the testing chamber wall and the sandy soil during the loading test (Rashid and Noor 2012; Rashid et al. 2015a Rashid et al. , b, 2017 . Figure 7 clearly shows that the bearing capacity ratio will increase rapidly when there is an increase in displacement. It can be shown that the presence of Kenaf geotextile in the sand model could increase the bearing capacity between 64.0 and 414.9%. The highest percentage was obtained from the test where the location of the Kenaf geotextile is 0 mm from the soil surface due to the contribution of the tensile strength from the Kenaf. It can be concluded that the nearer the Kenaf geotextile location with the level of sand surface, the higher the bearing capacity of the sand. The result of the untreated case agrees well with the finding from Terzaghi and Peck (1967) for the shallow foundation theory. The higher stress/capacity occurs at the contact of footing and soil surface. Due to the slightly higher tensile strength material laid underneath the footing, a higher capacity is obtained. In addition, the interaction between the sandy soil and Kenaf geotextile contributed towards the increment of bearing capacity of the treated sand (Artidteang et al. 2012; Tanchaisawat et al. 2013) . As a result, the use of the Kenaf geotextile will increase the bearing capacity of sand model.
Conclusion
As a conclusion, it can be concluded that the Kenaf geotextile fibre can improve the bearing capacity of sand compared to the untreated sandy soil. It was found that the use of the Kenaf fibre geotextile has improved the sand soil model up to 414.9% as compared to the untreated soil. The depth of Kenaf fibre geotextile below the soil surface also affects the soil performance. The bearing capacity of sands under different density levels such as loose and dense sands shall be investigated by the authors in the near future in order to obtain the corresponding soil-Kenaf interaction factors.
